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FOUR FIGURES 

INTRODUCTION 

In previous work on the reactions of blowfly larvae (Patten, 
B. &I., ’14)’ it was noticed that the sharpness with which orienta- 
tion to a change of light direction was accomplished varied mark- 
edly in different individuals. By observations incidental to the 
experiments then in hand, I became convinced that at least a 
certain amount of this variability in reaction was due to differ- 
ences in the age of the maggots. 

A search through the literature showed that others had ob- 
served changes in the blowfly larva’s accuracy of orientation at 
different ages. Pouchet (’72) states that their negative responses 
become more marked as the animals advance in age, but that even 
newly hatched maggots show a tendency to avoid strongly lighted 
areas. Unfortunately the species on which h e  worked is not in 
this case recorded. He speaks of them simply as the ‘vers’ or 
‘asticots’ of the ‘mouche h viande.’ 

Herms has noted that changes take place with advancing age 
in the photic reactions of larvae of Lucilia caesar Linn6. One of 
his tables (’11, p. 190) which gives the percentage of negative and 
positive responses for a group of ten individuals at daily intervals 
through their life history, indicates clearly that their negative 
reaction becomes more pronounced as the larvae grow older. 

Working with larvae of Calliphora erythrocephala Meigen, 
Gross observed that they too reacted differently at  different ages. 
He says (’13’ p. 476), 
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When the blow-fly larva first emerges from the egg, it is either indiffer- 
ent, [or] only slightly negative. . . . As it grows, it becomes more 
and more responsive to  directive light and by the time the feeding period 
is ended, it is very strongly negative in its response to light. 

Other than these general statements I was unable to find any 
data on changes in the blowfly larva's photosensitivity. There 
has, I believe, been no attempt made to determine accurately 
for the larvae of any species of blowfly, the relative sensitiveness 
a t  various ages. It was to obtain information on this point that 
the experiments described in this paper were devised. The prob- 
lem may be forniulated as follows: 

STATEMENT OF PROBLEM 

What, if any, changes take place in the sign or degree of the 
blowfly's larva's reaction to light during its life from 'hatching 
until pupation? 

METHOD 

Blowfly larvae during the age when they are most frequently 
used for experimental purposes respond to a single horizontal 
beam of light by crawling away from the source in the direction 
of the rays. Changes in the direction from which the light acts, 
induce corresponding changes in the larva's direction of locomo- 
tion. There is, however, considerable variation in the directness 
and accuracy with which individual larvae move along the path 
of the rays (Mast, '11, pp. 177, 178). This variability of re- 
action is more apparent when the larvae are subjected to sudden 
changes in the direction from which the light operates. 

Without attempting to ascertain the relation of this variability 
in sensitiveness to  the age of the larvae, a method has been de- 
vised by means of which larvae can be standardized as to  their 
reactivity to light (Patten, '14, '15). The test employed con- 
sisted in subjecting larvae to an instantaneous change of 90" in 
the direction of a horizontal beam of light. The abruptness with 
which they came into orientation to the new direction of the rays, 
was regarded as an index of their photoreactivity. In the experi- 
ments referred to, this test was used merely to  select, for further 
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experiments, larvae of uniform sensitiveness. The variability 
in the photosensitivity of different individuals, made apparent 
by it, indicated that a test of the same nature would serve to 
show very accurately any changes taking place with advancing 
age in the larva’s reactivity to  light. 

For carryiiig out this test three 220 volt, 25 watt Mazda lamps 
were used. In one 
face of each case was’cut a horizontal rectangular aperture, 1.0 

A light-proof case was made for each bulb. 

4 

Fig. 1 Diagram to show arrangement of lights used in testing the blowfly’s 
larva’s photosensitivity. For explanation see text. 

x 3.5 ems. , The lights were then fixed to the top of a table, 
equidistant (23 ems.) from its central point; figure 1 shows dia- 
grammatically their arrangement. Two of the lights (A and B, 
fig. 1) were directly opposed, their central rays meeting in the 
same straight line but from opposite directions. These two 
lights we may call the ‘starting lights.’ The third light (fig. I, C) 
was so placed that its central ray intersected the line connecting 
the starting lights perpendicularly at  its midpoint. 

Under the influence of one of the starting lights (the other 
lights being shut off), larvae were made to crawl until they 
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reached the central point (fig. 1, 0). Then the starting light 
was turned off and the lateral light thrown on, thus changing the 
direction of the incident light through 90" without changing its 
intensity. The course of a larva during this procedure was re- 
corded by placing a drop of dilute methylene blue on its posterior 
end and allowing the animal to  trace its own trail on a sheet of 
paper (fig. 1, P). Each larva was made to  crawl through two 
tests. One trail was begun under the influence of the starting 
light near the observer, subjecting the maggot to the 90" change 
in the direction of illumination from its right side, and one under 
the influence of the starting light away from the observer, sub- 
jecting the animal to a similar change from its left side. The 
deflection of the trails was measured in degrees by means of a 
protractor. The average deflection of the responses to  right and 
left stimulation was taken as an index of the sensitiveness of the 
individual. 

The age of the maggots as given in the following records was 
calculated from the time of their emergence as larvae. The eggs 
were laid on the afternoon of August 26th, and the larvae hatched 
early on the morning of the 28th. The 'first day' reaction 
measurements were made between 9 a.m. and 2 p m .  of the day 
of hatching, and therefore represent the responses of animals 
during the first day of larval life, rather than the responses of 
larvae 24 hours old. Throughout the remainder of the experi- 
ments, the measurements were made a t  the same time of day, 
so the changes in reaction shown represent changes which have 
taken place in 24 hour intervals. 

Since temperature affects their rate of development, a record 
was kept of the temperature of the room in which the larvae were 
raised (table 1). If larvae were reared under markedly different 
temperature conditions, the maximum sensitiveness would be 
likely to appear on a different day. It would in all probability, 
however, be at  the same relative age at  which it was found in 
these experiments. 

A group of 50 animals was isolated from a culture of Calliphora 
Erythrocephala larvae, and this group divided into two parts: 
(1) fifteen larvae each kept isolated in a separate culture jar so 
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Time of 

Tempera- 
Temp .... 

ture . . _ . _ _  

TABLE 1 

Temperatures  of room in which cultures were kept during the series of experiments  

A G E  OF 1 EGGS I 1ST 1 2ND 1 3HD I 4TB 1 5TH 1 6TH I 7TH I 8TH 1 !?TI% 
L A R V A E  D A Y  DAY DAY DAY D 4 Y  DAY DZY DAY DAY 

11 a.m. 9.30 a.m. 9.30 a.m. 9.30 a.m. 9.30 a.m. 9.00 a.m. 9.30 a.m. 9.00 a.m. 10.30 a.m. 10.30 a.m. 

19.0°C. 17.5OC. 19.5OC. 2 0 . 5 O C .  20.5'C. 18.5"C. 19.0"C. 2 I . 5 " C .  23.5"C. 23.5-C.  

that the records of the same individual could be compared from 
day to  day; and (2) a group of 35 larvae kept in a common cul- 
ture and tested each day in the manner described, but without 
keeping separate the records of individuals. All the larvae were 
kept in the dark throughout the experiments. By daily obser- 
vations on these two sets of larvae it was possible to ascertain 
both the changes taking place in the photosensitivity of individual 
animals, and by averaging the reactions of all fifty maggots the 
changes taking place in the photosensitivity of the culture as a 
whole. 

RESULTS 

The results of these experiments might be expressed either 
graphically or by means of tables. The tabular method has the 
advantage of being more complete, but where the results are as 
simple as they are here, it is hardly necessary to give a complete 
tabular statement of all the measurements. Therefore only a 
single condensed table is given showing the average responses of 
the fifteen individuals kept isolated throughout the series of 
experiments (table 2). There were a few casualties among the 
larvae due probably to excessive handling in the very young 
stages. In all cases the dead larvae were replaced by fresh in- 
dividuals of the same age from a gross culture kept for the pur- 
pose under precisely the same temperature and moisture condi- 
tions as the experimental cultures. Replacements are marked 
on the table by an asterisk. 

L4 very clear idea of the changes in sharpness of reaction which 
take place with age, is given by the series of actual trails photo- 
graphed in figure 2. The trails were selected to  show as nearly 
as possible the characteristic reaction for the age they represent. 
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deg. 

-11.0 
-16.0 
-16.0 
-15.0 
-36.0 
-21.0 

-20.0 
0 

- 6.0 
-16 0 
- 9 0 + 5.0 
-15.0 
t l l . O  

-23.0 

TABLE 2 

A table showing the deflections of the 15 larvae kept  isolated throughout the experi-  
ments .  T h e  measurements given represent the average deflection of a “right and  
left pa ir  of trails” such a s  that shown in figure 2, c.  R indicates that i t  was  not  
possible to make the larva move at  al l .  T h i s  rarely happens except immediately  
before pupat ion .  * indicates the replacement of a dead larva by  a f r e s h  i n d i -  
v idual  of the same age. P indicates  the pupat ion  of the larva. p ,  number 1b 
pupated the following d a y .  

1 ATlERAGE DEFLECTION I N  DEGREE6 MEASURED AT INTERVALS OF ONE D 4 Y  

~ _ _ ~ _ _ _ _  
deg. deg. deg. deg. 

-20.0 -62.0 -78.0 -89.0 
-35.0 -66.0 -81.0 -74.0 
-31.5 -45.0 -80.0 11 
-62.5 -78.0 -88.0 -78.0 
-70.0 -77.0 -75.0 -70.0 
-82.5 -66.0 -74.0 -76.0 

-57.5 -80.0 -85.0 -80.0 
-47.5 -62.0 -85.0 *-86.0 
-67.5 -75.0 -86 0 -89.0 
-50.0 -79.0 -85.0 *-68.0 
-45 0 -47.5 -85.0 -86.0 
-45.0 -86.0 -81.0 -87.0 
-65.0 -75.0 -87.0 *-72.0 
-65.0 -63.0 -86.0 R 

-45.0 -59.0 -81.0 -64.0 

NUMBER OF LARVA 

-30 0 
-66 0 
-80 0 
-82 0 
-78 0 
-36 0 

1’ 
P 

-60 0 
P 
P 

-77 0 
-80 0 

P 
-55 0 

-64 4 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

P 
P 
P 
P 
P 

-63 0 I’ 

P 

-64 0 -59 C 
P 

P 
- _ _ ~  

-63 5 -59 C 

I 1st I 2nd 3rd 4 t h  I 5 t h  
day day day day day 

Aversgedeflection ...._. -12.5 -52.6 -68 0 -82.5 -78 4 / / I l l  

6 th  
day 

deg. 

-68.0 
-63.0 
-43.0 
-77.0 

”83.0 
-65.0 
-45 0 
-73 0 
-75.0 
-71.0 
-68.0 
-83.0 
-76.0 
-71.0 

R 

-68.6 

7 th  
day 

deg. 

-51.0 
-65.0 
-74.0 
-74.0 
-48.0 
-79.0 
-65.0 
-75.0 
-67.0 
-51.0 
-67.0 
-71.0 
-55.0 
-37.0 

R 

-62.8 

By computing the average deflection of the 

deg. 

-41p. 

-41.0 

100 trails made 
daily by the 50 larvae, the sensitiveness of the culture as a whole 
could be accurately determined. These measurements were 
plotted graphically in the form of an age-sensitiveness curve. 
The curve thus obtained is shown in figure 3. Deflection in de- 
grees is plotted along the vertical axis, and age in days along the 
horizontal axis, 

It is interesting to compare with this smooth curve compiled 
from the average reactions of the culture a s  a whole, a series of 

Fig. 2 Photograph of trails showing the characteristic reactions of larvae a t  
various ages. Each pair of trails represents the reactions of a larva t o  changes of 
90” in the direction of incident light made first on i ts  right side (lower trail of 
pair) and then on its left side (upper trail of pair). The sharpness with which 
orientation to  the new light direction is accomplished is regarded as an indcx of 
the degree of photosensitivity. 
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1 St Day 

a 

P- 
Y- 

Larva 13 
3 p p  

4 t h  Day 

d 7- 
Larva # 9 

Larva # Y7 
29/91? 

2ndDay 'tJ_ 

7- 
Larva * / V  

i 

7- 
C 

Larva a 26 

6 t h  Day 

f I- 
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similar curves plotted from measurements made on larvae kept 
isolated through the experiments. For the sake of simplicity 
only six individual graphs have been plotted, but these have been 
selected to show the range of variation in the group (fig. 4). 

clo I 
I 

0 1  
I 2  3 y~ 5- b 7 8 9 

Age of Larvae in Days. 

Fig. 3 Curve showing the average degree of photosensitivity from hatching 
until pupation of a group of 50 C .  erythrocephala larvae. 

DISCUSSION 

In working with the larvae from day to day certain differences 
were observed in their reactions which were sufficiently char- 
acteristic and constant to  deserve mention. 

Larvae when just hatched were found extremely difficult to 
handle without injury. Moreover, they were so small and their 
muscular reactions were so weak that it was not always possible 
to make them give a readily measurable trail. Quantitatively, 
therefore, the first day measurements must be regarded as only 
approximate. The trails shown in figure 2 A, are unusually 
clear cut. In most cases it was necessary to watch the larva 
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carefully and estimate as nearly as possible its direction of crawl- 
ing. Even then there were several individuals which gave no 
perceptible directive reaction. A few larvae gave positive re- 
sponses, but the preponderance of movements away from the 
light in the great majority of cases could leave no doubt that the 
general reaction was negative in character. 

I 
0' 1 2 3 4 5  b 7 I 9 10 11 

Age of Larvae in Days 

Fig. 4 Curves showing the degree of photosensitivity from hatching until 
pupation of individual C. erythrocephala larvae. 

By the second day the larvae had grown sufficiently so there 
was little difficulty in handling them. All the measurements 
except those of the first day may, I believe, be regarded as ex- 
pressing accurately the reactivity of the larvae. There were 
almost no positive responses obtained on the second day, or later, 
and these were for the most part due to asymmetry of sensitive- 
ness, for a positive response in one trail was almost invariably 
associated with a strongly negative response in the trail made 
when the same animal was stimulated from the opposite side 
(Patten, B. M., '14, pp. 230-233 and 259). In comparison with 
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maturer individuals, larvae two days old gave extremely vacillat- 
ing trails (fig. 2, B). ‘Wig-wag’ movevents of the anterior end 
were frequeGt and very pronounced. The larvae a t  this age 
were also noticeably more sensitive than fully grown larvae in 
their reaction to moisture. The tendency to follow moist trails 
was not infrequently strong enough to throw them out of 
orientation to the light. In making the records of their light 
reactions, precautions were taken that this disturbing factor 
should be eliminated. 

On the third day the trails were made with less hesitation than 
on the second day, though the larvae still made noticeably more 
‘ wig-wag’ movements and more changes of course then when fully 
grown (fig. 2, C). 

By the fourth day the maggots had for the most part attained 
their full growth. Their reactions were more rapid and much 
more decisive. To put it anthropomorphically, “they seemed 
to have very definite ideas as to the direction in which they meant 
to travel” (fig. 2,  D). 

After the fourth day the wig-wag movements were still further 
decreased in frequency and extent, as is shown by the smooth- 
ness of the trails photographed in figure 2. There was also a 
noticeable tendency to move more deliberately and to respond 
less quickly to the change in light direction. The curves of figures 
3 and 4 indicate quantitatively the decline in photoreactivity 
taking place between the fourth or fifth day and pupation. 

Just how much of the rise in the curve of reaction (fig. 3 )  dur- 
ing the first four days is due to increased facility of crawling or 
better coordination between the photoreceptors and muscular 
system, and how much is due to actual increase of sensitivity, it 
is impossible to say with certainty. I believe, however, that 
after the first day the muscular movements are discharged with 
enough apparent facility to justify the interpretation that the 
sensitivity of the larvae to light is really increased between the 
second and fourth day. There seems to be still more reason to 
believe that the drop in reactivity after the fourth day is due to 
decrease in sensitivity. The reactivity falls off during the so- 
called migratory period, when the larvae leave food and wander 
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about, as if seeking a favorable spot for pupation. If the muscu- 
lar system is more effective a t  one time than at  another, we should 
certainly expect it to be during this period of its greatest activity. 
It is therefore most probable that the decline in reactivity is not 
due to decrease in muscular efficiency. It is equally improbable 
that the coordination between receptor and effector is lowered 
during a period of increased effector activity. Though this does 
not constitute proof that the drop in reactivity is due to a de- 
crease of photosensitivity in the receptors, it points strongly 
toward that interpretation. 

The decline in photosensitivity has been said to occur in the 
migratory period. We may be more specific. Figure 3 shows 
that reactivity begins to drop between the fourth and the fifth 
day and continues to drop steadily until the seventh day, there- 
after remaining about constant till pupation. On the fourth day 
all the larvae were feeding. Between the fourth and the fifth 
day 15 per cent of the larvae had migrated, by the sixth day 60 
per cent had migrated and by the seventh day practically all the 
larvae had left the food. The coincidence of the drop in the re- 
action curve with the onset of migration in the cultures is most 
striking; whether or not there is any correlation between the two 
I cannot say. One is tempted to suggest that there may be, upon 
the cessation of feeding, a reduction in the rate of metabolism of 
some photolysable substance. Such a suggestion is, however, 
of little value except as a hypothesis for further work. 

It would be interesting, also, in view of the change in the sign 
of phototaxis taking place in the blowfly during the pupal stage, 
to ascertain if the drop in the curve of negative photosensitivity 
exhibited during the last stage of larval life, were carried on by 
an increase in positive photosensitivity during the early life of 
the imago. 

Whatever may be the underlying cmse, there can be no doubt 
that larvae of C. erythrocephala react to light very differently at, 
different ages. Observations which I carried out on a few larvae 
of Lucilia sericata showed that they exhibited changes in photo- 
sensitivity similay to those demonstrated for C. erythrocephala. 
Although the number of individuals handled was not sufficiently 
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large to justify any quantitative statements for L. sericata, it 
was clear, nevertheless, that age differences greatly modified their 
photic reactions. Herms (’11) has already shown that larvae of 
Lucilia caesar become more strongly negative to  light as they 
grow older. He did not observe any drop in sensitivity during 
the migratory period, but this might possibly have been due t80 
the fact that he did not use quantitative methods rather than to 
the absence of the phenomenon in this species. These observa- 
tions all indicate clearly the necessity of taking into considera- 
tion the developmental stage of blowfly larvae used in photic re- 
action experiments. 

Kerms (’11) has also shown that there are differences in the 
photosensitivity of the larvae of L. caesar and C. vomitoria. In 
all probability more extended observations and more refined 
methods, would show differences in the reactions of the larvae 
of other common species of blowflies. It would seem super- 
fluous to call attention to the necessity of recording the species 
of the animal worked on, were it not for the fact that the liter- 
ature on photic reactions abounds in references to the reactions 
of ‘blowfly larvae (sp. ?)’. 

A study of table 2 and figure 4 will make it apparent that for 
accurate quantitative work it is not sufficient that all the in- 
dividuals used should be of the same species and the same age. 
It is necessary to employ in addition some preliminary standard- 
izing test to exclude extreme individual variants. Only by such 
means may data on photic reactions secured under different 
experimental conditions be relied on for comparisons. Neglect 
of species determination, failure to take into consideration the 
developmental stage of the animals studied, and insufficient at- 
tention to the factor of individual variability have undoubtedly 
been responsible for much unnecessary controversy concerning 
the reactions of ‘blowfly larvae.’ 
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SUMMARY 

Larvae of the blowfly, Calliphora erythrocephala Meigen, were 
tested each day from hatching until pupation to determine what, 
if any, changes take place in the sign or the degree of their re- 
action to  light. 

The test employed consisted in subjecting a maggot crawling 
under the influence of a horizontal beam of light to an instanta- 
neous change of 90" in the direction of the beam. The resulting 
change in the direction of the animal's locomotion was measured 
in degrees by means of a protractor. This procedure gave a 
quantitative index of the reactivity of the larva, for the more 
sensitive the individual was, the closer did its deflection approach 
90". 

Using the same larvae throughout the experiments, one hun- 
dred trails were run each day. The average deflection of each 
of these sets of 100 trails was used to locate a point on an 'age- 
sensitiveness curve.' 

The curve of photosensitivity thus obtained shows that' the 
reactions are negative throughout, with a rapid increase in ampli- 
tude during the first days of larval life, reaching a maximum on 
the fourth day with an average deflection of 81", and then drop- 
ping steadily till the seventh day, remaining thereafter almost 
constant until the time of pupation. 

The decrease in sensitivity occurs coincidently with the begin- 
ning of the migratory period. 

The changes in photosensitivity shown to  take place with ad- 
vancing age indicate the necessity of determining and recording 
either the developmental stage or better, the degree of sensitive- 
ness, oi all individuals used for quantitative experiments. 
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